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Abstract. The traditional method of morphological classifi-
cation, by visual inspection of images of uniform quality and
by reference to standards for each type, is critically examined.
The rate of agreement among traditional morphologists on the
morphological type of galaxies is estimated from published
classification works, and is estimated at about 20 %, when
galaxies are classified into three bins (E, S0, S+Irr).
The advantages of the quantitative method of structural
classification for classifying galaxies in clusters are outlined.
This method is based on the isophotal analysis of galaxy im-
ages, and on the examination of quantitative structural param-
eters derived from this analysis, such as the profiles of lumi-
nosity, ellipticity and deviations from ellipticity of the galaxy.
The structural and traditional methods are compared on
a complete sample of 190 galaxies in the Coma cluster. The
morphological types derived by both methods agree to within
15 or 20 %, the same rate as among traditional morphologists
alone, thus showing that our morphological classes do coincide
with the traditional ones. The galaxies with discrepant types
are mostly faint (mag B > 16.0, or have features typical of
spirals, but which have not been detected, noticed or taken into
account by traditional morphologists. The rate of agreement is
also good for galaxies in a distant cluster (  0  4 
The structural method, which requires an image quality
adapted to the difficulty of classifying a given galaxy, gives
highly reproducible results, never reached by traditional esti-
mations of the morphological type. Thus, the morphological
types obtained with this method should be preferred, even if
their determination is more time and telescope consuming, be-
cause they are less subjective, therefore more reproducible,
and based on images of adequate resolution. The advantages
of the method are further demonstrated by new results on the
properties of galaxies in clusters.
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1. Introduction
Classification is the first task to be undertaken when exploring
a new field. A good classification system should separate the
bewildering diversity of observed shapes into a finite number
of bins containing objects with specific physical properties, and
thus provide a better understanding of the physical nature of
the objects under investigation. In order to do so, this system
should be based on structural properties, and should ignore
others, even if they are aesthetically pleasing. The classification
criteria should also provide a non ambiguous assignment to a
class for each object; more than one criterion per class may
lead to two equally possible classifications for a given object.
The morphological classification of galaxies first proposed
by Hubble (1936) has been universally adopted with little
change and is still being used, because it does break galaxies
into classes with specific physical properties. Its application to
galaxies in clusters has revealed a morphological segregation
of galaxies which is probably a key element for understanding
the formation and evolution of galaxies, and the investigation
of the luminosity function for each morphological type should
shed further light on this question. The refurbishing of the
Hubble Space Telescope (HST) has renewed interest in the
morphological classification of galaxies, as it will enable us to
compare the morphological composition of nearby and distant
(z simeq 0.2 - 0.4 samples, and thus to obtain information on
the evolution of galaxies.
While the work of classifying galaxies has traditionally
been done by visual inspection of images of galaxies, recent
progress in the fields of digital detectors and image treatment
by computer has given rise to new methods of investigation of
galaxy images, such as isophotal analysis (e.g. Poulain, Nieto
& Davoust 1992, Michard & Marchal 1993), which in turn has
lead to further refinements of the classification system. Such
refinements might not necessarily bring out new physical id-
iosyncrasies of galaxies; indeed, it still remains to be shown
that the dichotomy of elliptical galaxies into boxy and disky
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breaks these galaxies into two subclasses with physically dis-
tinct internal properties (Andreon 1996). The new perspectives
opened by computer treatment of images should nevertheless
be pursued, as computers eliminate part of the subjectivity in
the task of classifying galaxies.
In this paper, after analyzing the traditional morpholog-
ical classification system (Sect. 2) and its problems (Sect.
3 and 4), we present a quantitative method for classifying
galaxies in clusters, based on the analysis of quantitative
structural parameters, such as the luminosity, ellipticity and
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2. Traditional morphologists’ classification
Most of our present knowledge of galaxy morphology is based
on the pioneering works of a few observers who classified
thousands of galaxies. The observational material available
for the classification (better material allows a more detailed
scheme) and the aims of the classification work generally gov-
ern the choice of the classification scheme. The details of these
schemes depend on the authors; nevertheless, some points are
common to most authors.
1. The morphological ‘system is usually defined by a set of
standards or prototypes’ (Buta 1990), and the galaxies are
classified according the resemblance to these standards (al-
though it is not always the case; see e.g. Kormendy 1979,
Kennicutt 1981 or Schombert 1986).
2. The observational material used for classifying galaxies is
very often photographic plates (or copies of them). His-
torical reasons and the large angular extent of plates with
respect to CCDs made this choice obligatory for large sam-
ples of galaxies as well as for galaxies larger than a few
arcmin.
3. Almost all galaxies are on the same plate or on very similar
plates exposed under similar observing conditions (seeing,
sky level, etc.). The observational data are thus uniform,
i.e. the quality of the observational material is the same for
the whole sample.
4. Structural components (disk, bar, etc.) are not measured by
most morphologists (Hubble’s definition of types does not
require such a measurement), but only visually estimated.
Up to now, it was not reasonable, in terms of computer time,
to measure such structural components for large samples
of galaxies: morphologists take 30 sec. to classify a galaxy
(Naim et al. 1995), whereas, for example, the determination
of the Hubble type by means of structural components (see
Sect. 5) may reasonably take 30 min. per galaxy.
3. Problems with the traditional classification scheme
The traditional classification method, by visual inspection of
plates and by reference to standards for each type, has been very
successful in many fields of extragalactic astronomy. However
this method suffers from drawbacks, which can become se-
rious, depending on the use one makes of the morphological
types.
First, the reference to standards makes the morphological
classification difficult enough that it resembles ‘more an art
than a physical measurement’ (Buta 1990). This task is thus
not accessible to most of the astronomical community, since,
to accomplish it, one has to be an expert morphologist.
The strong subjectivity of the task raises the question of
its reproducibility and of the consistency of the morpholog-
ical types determined by different morphologists. The latter
question has been addressed by Lahav et al. (1995). Less than
1 % of the large galaxies (D 25 >1.2 arcmin) have the same
morphological label when galaxies are classified in 16 bins by
6 well known morphologists. The cause of the disagreement
is not tied to differences in the images that the morphologists
studied, since they used the same images. The question of
consistency will be discussed further in Sect. 4.
The fact that structural components (bar, disk, bulge, arms,
etc.), which astronomers naturally think of when speaking of
morphological types, are not measured quantitatively and in
some cases not even detected by traditional morphologists in-
troduces differences and biaises between the presence of such
structural components and the resulting morphological types.
These differences and biases could be important or negligible,
depending on the study undertaken, on the fraction of galaxies
for which one or several structural components were missed,
and on how this fraction was classified.
Second, the uniformity of the observational material is not
a desirable property when the studied sample contains galaxies
at different distances, of different sizes or luminosities and/or
projected at different angles on the sky.
1. Due to the limited dynamical range of plates, images of
very bright galaxies are saturated and images of faint galax-
ies are of too low quality to allow any classification. As re-
peatedly stated by morphologists, this happens very often:
in one third of the cases for a sample of galaxies larger than
1.2 arcmin (Lahav et al. 1995, Naim et al. 1995) and, more
generally, in 85 % of the cases (Buta 1992). This problem
does not appear very often in the output catalogue; in other
words there is no trace in the catalogue that some of the
galaxies have classification problems. Buta (1992) stressed
that ‘it is important when using published morphological
types to know where their types came from and their limi-
tation’. Finally, as morphologists themselves admit (Lahav
et al. 1995), they mostly classify galaxies for which they do
not have suitable data. In particular for galaxies in nearby
clusters, Dressler (1980) remarks that sky survey plates
are not good enough for morphological classification and
that Cassegrain plates (or prime focus plates from a large
reflector) must be used.
2. The morphological label attributed by morphologists to the
observed galaxies unfortunately depends on the projection
angle of the galaxy on the sky. It is a well known fact that
face-on S0 galaxies are missing in all catalogues of galax-
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ies, because they are misclassified as E (van den Bergh
1990). The detectability of bars, arms, disks of galaxies
depends strongly on their projection angle on the sky, as
well as on the resolution of the observations used to per-
form the classification (for disks, see e.g. Nieto et al. 1994,
whereas for bars see e.g. de Vaucouleurs & Buta 1980 and
Nieto et al. 1992).
The drawback of using uniform data becomes obvious in
studies of galaxies in more than one cluster, when the ob-
served galaxies are not all at the same distance. Andreon (1993)
showed that the spiral fraction in nearby (<0.05 clusters mea-
sured by Bahcall (1977) decreases as the redshift increases,
reaching a null value at =0.05_Such behavior (a sort of inverse
Butcher-Oemler effect) is not intrinsic to the observed clusters,
but is only a consequence of the increasing difficulty of iden-
tifying spiral galaxies as the redshift increases. A similar arti-
ficial trend has already been pointed out by Tammann (1987)
for explaining the apparent rise of the Hubble constant with
redshift from independent data. Such a feature is common (and
has been overlooked) in the literature. Unfortunately, much of
our knowledge of nearby clusters is based on such data (e.g.
Sarazin 1986, Edge & Steward 1992).
Another problem linked to the resolution, which we dis-
covered when studying a distant cluster observed with HST
(Andreon, Davoust & Heim 1996), is that of the sampling of
the image. The point spread functions of two images may have
the same FWHM, but if the first image is oversampled and the
other one has a pixel size comparable to the FWHM of the
point spread function, morphological details will be lost in the
latter image. Thus, as one classifies more distant galaxies, both
the resolution and the sampling of the image should increase.
The use of uniform data (i.e. plates) and of images whose
dynamical range is limited, is an easy way of collecting large
numbers of morphological types, but it is also likely to induce
misclassifications. The images should have a quality adapted
to the difficulty of the galaxy classification.
4. Rate of agreement among traditional morphologists
We have no way of estimating the stability of the morphologi-
cal classification, defined as the fraction of galaxies given the
same morphological type when observed twice with the same
observational material by the same morphologist. However we
can estimate the effect of the subjectivity of the Hubble types’
definition and how it is related to the quality of the observa-
tional material by measuring the reproducibility of the Hubble
type estimate in the cases when only the morphologists differ,
when only observations differ and when both differ.
4.1. Different morphologists
We start with the results of a comparative classification exercise
performed among expert morphologists using the same images
(Lahav et al. 1995, Naim et al. 1995). Six expert morphologists
classified 835 (nearby and large) galaxies in 16 classes. All the
Table 1. Agreement on the Hubble type estimates
Different morphologists
Large galaxies 40 % - 85 %
HST images of distant clusters sim0 %
Different images
Large galaxies sim0 %
HST images of distant clusters sim0 %
Different images and morphologists
Coma galaxies: Dressler vs Butcher & Oemler 88 %
Coma galaxies: Dressler vs Rood & Baum 84 %
Coma galaxies: Dressler vs RC3 73 %
morphologists looked at exactly the same laser printed images,
except for one, who looked at images on a computer screen.
The solid line in the left panel of Fig. 1 shows the relative
agreement (in %) among morphologists (grouped by pairs)
on the morphological type of a given galaxy. This agreement
is measured by the fraction of galaxies (among 835) given the
same coarse Hubble type (E, S0, or S+Irr) by a pair of morphol-
ogists. We put the galaxies in one of the three bins according
to the T value listed in Naim et al. (1995). The fraction of
galaxies given the same morphological type ranges from sim
40 % to sim 85 %, depending on the pair of morphologists,
with a mean of sim 50 %.
The dotted line in the same panel shows the relative agree-
ment for easily classified galaxies (i.e. for galaxies whose mor-
phological type is not followed by a colon or question mark).
This is the fraction of galaxies (among the ones easily classi-
fied by both morphologists of a pair) that were given the same
coarse Hubble type by both morphologists. The agreement is
much better, of the order of 90 %, which is normal, since the
task is admittedly easy.
The right panel of Fig.1 shows that this good agreement in
fact only concerns a minor fraction, 50 % and often less, of
the sample. It does not show how often pairs of morphologists
agree on the type of a galaxy, but how often they agree on
whether the galaxy is easy to classify or not. This fraction of
galaxies which are easily classified by pairs of morphologists
(i.e. whose type is not followed by a colon or question mark for
either morphologist of the pair) is rather small. On this small
fraction the agreement on the type is excellent.
Furthermore, part of the agreement among morphologists
is due to chance, since we have reduced the number of bins
from 16 to 3.
Dressler and Oemler classified the galaxies of the Abell
851 cluster from the same HST images before refurbishing
(Dressler et al. 1994a). Couch, Sharples and Smail did the same
for the galaxies of Abell 370 (Couch et al. 1994). In both cases,
the disagreement among morphologists on the assignment of
the morphological type was about 20 to 25%.
